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EX{ Abstract

Paneling methods are approximate techniques for solving flow
problems over wings and bodies. Vortex panels are used to model flow
over wings and other lifting surfaces. The author develops a triangular
vortex panel having a vorticity distribution that can vary in magnitude
and direction. This panel 18 used to predict the pressure distribution
on a rectangular and a sweptback wing in subsonic flow. Lift distribu-
tions obtained compare favorably to Anderson's solution and wind tunnel
results except near the wing tip. In this region, the distribution will
spike before satisfying the Kutta condition imposed at the tip.

Possible remedies for the tip problem are discussed. \
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DEVELOPMENT AND APPLICATION
OF A SUBSONIC TRIANGULAR
VORTEX PANEL
I. Introduction
Background

Paneling methods are approximate techniques for solving linearized
subsonic and supersonic potential flow problems over wings and bodies.
Panels in use today incorporate singularity distributions of the
source, vortex, and doublet types. Source panels are often used to
model bodies ~:i.d other non-lifting surfaces and to model thickness
of 1ifting surfaces. Vortex panels are used to model either 1lifting or
non-lifting surfaces. In a typical problem, the sirplane 43 represented
by a finite number of panels. Each panel is a singularity distribution
of unknown strength that models some part of the aerodynamic surface.
These unknown strengths are determined by applying the flow tangency
boundary conditions at or near the aerodynamic surfaces. Once the
strengths are known, the perturbation velocities can be computed. These
are substituted into the Bernoulli equation to obtain the pressure

distribution and the corresponding aerodynamic forces and moments.

Problem Statement

In many current paneling methods, the orientation of the vorticity

vector is fixed on the panel (Ref 6 and Ref 8). This leads to

unacceptable errors in some cases. The purpose of this study 1s to

S O S S S
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derive a subsonic triangular panel having a vorticity distribution that
can vary both in magnitude and direction. A panel system 18 assembled
and used to predict the pressure distribution on a planform. Since the
computations involved are too lengthy to be performed by hand, a

computer code was developed to apply the panels to planar wings.

Approach
The subsonic triangular panel is derived in Section II. The

Biot-Savart Law is used to compute the induced velocity at a point due
to an assumed bilinear vorticity distribution on the panel. This
expression formulates the induced velocity in terms of panel geometry

and unknown cormer point vorticity.

Section III presents methodology for panel system assembly.
Numbering schemes are developed for panels and the unknown corner point
vorticities. Planform boundary conditions are applied which reduce the
number of unknowns and the remaining unknowns are solved for by
formulating a linear system of equations. This system consists of
control point equations (one per panel) and a mumber of edge continuity
conditions. The linearized form of the flow tangency boundary condi-
tion ie then used to effect the solution. Once the cornmer vorticities
are known, the vorticity at any point on the planform can be obtained.
Finally, induced velocities and corresponding pressures can be calcu-

lated from the known vorticity.

Section IV presents a computer code developed to apply the

methodology to planar wings. Brief descriptions of each subroutine
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and a detailed input description are provided. Appendix B is a

sample output and Appendix C is the program listing.

Section V presents program predictions for a rectangular wing
which are compared against Anderson's solution (Ref 1:9-16). Pre-
dictions are also presented for a swept untapered wing which are

compared against wind tumnel tests (Ref 4:92).

Section VI concludes the report and makes recommendations for the

improvement of the aerodynamic model.
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II. Panel Derivation

This section presents the development of the subsonic triangular
panel. The goal is to derive an expression for the induced velocity at
an arbitrarily chosen point in the xy plane due to an assumed bilinear

vorticity distribution on the panel.

Geometry
The first step in panel development is the definition of panel

geometry. Initially assume the panel is a trapezoid lying in the xy-
plane and having two edges parallel to the x-axis. It is then sub-
divided into two triangles having a common side that joins the upper
left hand cormer to the lower right hand corp--. The panel is oriented
so that the root and tip chords lie parallel to the free stream flow
direction at (Y = 0. Figure 1 depicts the panel geometry, cormer

point numbering scheme, and coordinate system.

Singularity Strength Distribution

The general form of the singularity strength distribution on the

panel will be

-l

W, = O T+ Y=, 93 (2.1)

wvhere 5 and 'Y are continuous functions of x and y. For the purpose

of this study, 6 and 'Y are assumed to have the "bilinear" forms

Otx, y) = F+Dx + By (2.2)
‘Y(x, y) = A+ Bx + Cy (2.3)
4

o T A TP OBy AV 0
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(xl » 71)

(xs 14 72)

|}
i: 2 (xl.’ 72)
i The corner vorticities are i
designated ( 51. T ) vhere t
i is the corner number.
E (xZ’ Yl)

Figure 1. Panel Geometry and Corner Point Numbering Scheme
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where the coefficients A, B, C, D, F, D and E are yet to be determined
constants. These constants will be expressed as functions of the panel

geometry and the unknown singularity strengths at the cornmer points.

Consequence of the Helmholtz Conditiéh
The vorticity distribution E)(x, y) 1s required to satisfy the

Belmholtz condition that vorticity must be preserved in the fluid. Thus,
A/ 53 + Yp=o (2.4)

on the panel. If 6 and ')’ have the forms (2.2) and (2.3), respec-

tively, then
O(F +Dx +Ey)/dx+ O +Bx+Cy)/ 9y=0 (2.5)
which dmplies
D==2C (2.6)
such that
O, ) = F -cx +Ey 2.7)

The formulation could be continued in terms of the bilinear
coefficients. However, it is conventional to express them in terms of

panel cormer point vorticities.

Bilinear Coefficients in Terms of Corner Vorticity

In the ensuing discussion, the subscript L refers to the leading

trisangle and the subscript T refers to the trailing triangle.




WY

.
'3
4

AFIT/GAE/AE/803~1

The 7Y coumponent of vorticity (eq (2.3)) is assigned the unknown
values ‘)1. ')3. ‘y‘ at the corners (xl. 71)’ (x3. yz), and (34. yz)
of the leading triangle. This leads to the following system of three
equations in ‘1.’ ‘L and CL:

(AT R TN SN | 2.8
'); - AL + BLx3 + cLy2 (2.9)
')2 A +Bx +CyY, (2.10)

The system has the solution:
A=y, Vi, =3 +1Gx, - x,3,)/(3, = 7))]
Nl xy - x) + (x5, - ¥,33)/ (3, - ¥))]
Vi xy - x) (2.11)
B, = ( 73 - ');.)I(x:, - x) (2.12)
¢ == K, -y +lx -2/, - 71 V!
(xy - x,) + [(xg - 20/, = ¥1 Y,/
(13 - xl.) (2.13)

Since DL - - CL. only two corner conditione may be used to solve for FL
and EL in the 5 component eq (2.7). Assigning the values 61 and 6 3

at the corners (xl, 71) and (x3. 72) leads to

51 +ox =Ry, + T (2.14)

WMy e o




' S ’ - ? o i ’
T -—— o - -k e s s il e i 8

AFIT/GAE/AE/803-1

Oy+qxy=Ey, + 1 (2.15)

B =0, - 00/0, -y + [(x; = x)/

~ e 3

(’1 - ’2)]% (2.16) 4
F=(O 53 -7, 51)/(3'1 -3 + [(y;x; -

In a similar way, the trailing triangle coefficient equations are

obtained as follows:

Apmyy Vg =3 + 1,% - x,3)/(3; = ¥,)) !

- w——

Yyl (x, = x) + (x5, = 7,301 Yy/
(x, = x,) (2.18)
Bo=( Y- Wxy-x)) (2.19)

Cp == VG, =7 + U=, = x)/(3; =301 Y,/

v e TP e wepnis ee ey W

(xz - x].) + [(!2 - xl')/(?l - ’2)] 71/
g (x; - 2 (2.20)

S 2 290 W (2.21)
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Fp= (7, 04 -7, O /Gy - 7)) + LGy, -
x,79)/(y; = ¥,)1C, (2.22)

where E.r and !‘.r have been expressed in terms of (as functions of) (:).

components at corners 2 and 4.

Mathematical Continuity

The bilinear vorticity distribution is continuous on each triangular
region. In addition, the 'Y component has been made to be continuous
throughout the planform by the representation in terms of corner values.
This can be demonstrated as follows. Let I-' be the boundary shared by
any two adjacent triangles. Then I-' is a straight line segment and can
be described by a linear expression (i{.e., y in terms of x or x in terms
of y). The ’r distribution on each of the adjacent triangles will
degenerate to a linear function of a single variable upon substitution
of this expression. Both functions assume the same 7 values at the
endpoints of I-' « Since only twvo points are needed to determine a

straight line or a linear form, we have 'Y matching identically on

T.

The 5 component has breaks in continuity throughout the planform.
This is a consequence of applying the Helmholtz condition (eq (2.4))
which eliminated the constant D and expressing the remaining two
unknowns in terms of two 5 corner values, out of a possible three.
The 5 component is continuous on panel leading and trailing edges
since it is on these edges that common 6 values are assumed at the

endpoints. The 5 component is discontinuous on panel diagonals.

s e e i L e
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Application of the Biot-Savart Law
Let (-:}(!) be a vorticity distribution defined on a finite region

R in the xy plane. Let § be a fixed point (control point) in the plane.
The velocity induced at & due to the distribution on R 1s given by the

Biot-Savart Law (BRef 5:526~528):

aTi -f [QD® X G- D/ - 2R

Suppose the control point # 1s located at the origin of the
coordinate system. Note that this can be done by performing a simple

translation of the plane. Then,
%= (0, 0, 0) (2.24)
$-%¥=(,00 - (x, 5, 0) = (-x, -y, 0) (2.25)
Assuming the distribution has the form (2.1),
Wx@E-n=[xY -y§ Ik (2.26)

where Kk 1s the unit vector normal to the zy~plane. Substituting the
1
expressions (2.25) and 2.26) into eq (2.23) yields:

47Tw (0, 0, 0) = ff «Y -y§)/62+yH3 ar

where v 18 the normal velocity component induced at the origin.
Substituting the expressions for Y (2.3) and 6 (2.7) into eq (2.27)

yields:
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-

4T w -f (Ax + Bx? + 2Cxy - By2 - Fy)/
R

(2 + y )312

(2.28)
where R is taken as the region defined by a trapezoidal panel.

!f Let RL and RT be the subregions of R which correspond to the lead-
ing and trailing triangles. The coefficients A, B, C, F, and E remain

constant on each subregion and eq (2.28) is rewritten as:

L T L T L
{TMTva= AL +AL + B I, + BT, + 2C I+

T L T L T
26,1} - B Tp - BT, - B IL - B (2.29)
where
1% T. f [ /(2 + v/ Har (2.30)
1‘2" T. f f /=2 + y9)3 Hyar (2.31)
s T
Ig’ [ f (xy/(x? + y53/H)ar (2.32)
)T
5T f f /a2 + ¥ Har (2.33)
, T
1‘5" Ta [ _[ 212 + y)3/%)ar (2.36)

I

il
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Evaluation of these integrals may be found in Appendix A. Substitution

s

3 of the expressions for A.L through ET and collecting coefficients of the
( 1 unknowns ( 61. 62. 5 ’ 6 e Y,, Y., and ')'4) yields, after

considerable algebraic manipulation,

" (7,15 ~ 19/(yy = 791 O, +

i [f - 7,0/, - 301 Oy 4

e

[T - 3,1/, = 71 O, +

L | (@) - 3px)T) = (= = 2Py Ty -

PSR

(v - yz)I'; + (x, - 30K +

- ™

[((ypx, - x,.yl)li + @y, - yz)lz +

(x, = x)IEN/((F; = 3,0z, ~ x N1 Wy +
i x) = IR/ (3, - 7)(xy = 2, N1 Y, +

L T
[((x,5, - ¥y23)T; = (x3 = 27,1 -

(7, = 75 + (x5 = x)K + (x; = XK/
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(Gy - 7065 -2 DY, (2.35)
where
K, " 2L - [(x; - 5,0/ (5, - v, Ik -
[(7yx5 = x;7,)/ (71.- yz)]I:' (2.36)
Ky = 2Ly - [(x, - x,)/ (G, - y)11; -
(g%, - X9,)/(3y = 71T, (2.37)
Sumnary

Expression (2.35) is the normal velocity induced at the origin of
the xy plane by a trapezoidal vorticity panel. This velocity is due to a
bilinear vorticity distribution which satisfies the Helmholtz condition
eq (2.4).

13
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III., Panel Assembly

This section presents the panel assembly procedures needed to
model a wing. The goal is to develop the methodology required to
predict the pressure distribution and associated forces and moments on

a wing.

Panel Numbering

Figure 2 illustrates a paneling arrangement and associated number-
ing scheme for a 16 panel wing. The panels are numbered comsecutively
in the chordwise direction starting with the inboard leading edge

panels and terminating w‘tl. the outboard trafling edge panels.

Number of Unknowns, Boundary Conditions and Numbering

Let M be the number of chordwise panels and N be the mumber of
spanwise panels, These are defined using M + 1 chordwise cuts and
N + 1 spanwise cuts. Each intersection determines a panel corner
point. Since there are two unknown components at each cormer point,

the total number of unknowne is given by:

2(M+ 1)(N + 1) (3.1)

Boundary Conditions

Two boundary conditions are imposed on the wing panel systemn.

These reduce the mmber of unknowns and improve the physical modeling

of the flow field.

14
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The z axis is normal to the

wing planform.
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Figure 2. A Paneling Arrangement and Associated
Numbering Scheme for a 16 Panel Wing
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The Kutta condition (Ref 5:390-399)
Yx, y) =0 (3.2)

is imposed at all corner points on the wing trailing and tip edges.
Since the ‘r'component of vorticity eq (2.2) is both linear and
continuous on these edges, the Kutta condition is satisfied identically.

The Kutta condition reduces the total number of unknowns by:
M+N+1 (3.3)

(NOTE: The point defining the intersection of the trailing and tip

edges is common to both.)

A historically acceptable boundary condition (an outgrowth of
Prandtl's 1lifting~line theory (Ref 5:535~567)) is for the vorticity
vector to lie tangent to the wing leading edge. This boundary condi-
tion initially orients the vorticity vector so that a positive circu-
lation 1is prodﬁced. The boundary condition is imposed at all leading

edge corner points and can be written:

Yig =A (3.4)
or

5= YA | (3.5)

vwhere /\ is the leading edge slope at the cormer point. It reduces

the total number of unknowns by:

N+1 (3.6)
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The unknown corner 5 8 are denoted ;
by "~ " and the 'Ys by "= ." |
§
- -|'
Note: =0 % A= i
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2
5
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v:0=-7/A
1

] Figure 3. Unknown Numbering Scheme for a 9 Panel Wing
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and the total number of unknowns becomes:
2MK + M 3.7
after imposing the two boundary condition equations (3.2) and (3.5).

Since the wing is symmetric about the x-axis, it may seem logical

to impose & boundary condition at the wing root chord. However, setting

S=o0 (3.8)

at the centerline is redundant for rectangular wings and leads to an

411-conditioned system once planform symmetry is considered.

Unknown Numbering Scheme

Figure 3 illustrates the unknown numbering scheme for a 9 panel
wing with applied boundary conditions. The paneling arrangement of
Figure 3 is chosen because it represents the smallest number of panels
needed to illustrate interior panels and panels having boundary
conditions. Let i be the panel number of an interior panmel. Then
the following numbers (in terms of 1, M, and N) are assigned to the

eight unknown cormer vorticity components:

(61) 41-1 (3.9)
(52) 1 (3.10)
(8 1+mM-1 (3.11)

( 5,‘) i+ M (3.12)




N W e TR e T ORI - e T een s ey e

AFIT/GAE/AE/80J-1

() m+m+1 (3.13)
(YY) m+u+1+1 (3.14)
(7)) M+ M4+ (3.15)
() memMe141 (3.16)

Solving for the Corner Vorticities

The total number of unknowns (after the boundary conditions are
applied) is given by eq (3.7) which also specifies the number of condi-
tions needed to solve for the cormer vorticities. Two types of condi-
tions will be used; control point conditions and edge or point

continuity conditions.

Control Point Equations

Control point equatiéns are obtained using eq (2.35). The
velocity component is computed for one point (control point) on each

panel comprising the wing.

Let (xi, yi) be the control point on panel 1. To obtain the
contribution to v, due to panel j, express the coordinates of panel j
in a coordinate system with (xi, yi) at the origin., This is done by

performing & translation in the g = o plane:

x'=x - Xy
(3.17)

'-—
Y =y-y .

Equation (2.35) is then applied with appropriate boundary conditions.
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Planform symmetry is included by reflecting either the panel or con-
trol point about the x-axis and applying eq (2.35). Reflecting the

control point 1is less complicated from a programming viewpoint.

The above process is repeated for each panel on the wing. After

all the contributions to v, have been calculated, it can be written as:

. v, = z Ay 93 (3.18)
i=1

i where 91 is the column vector of unknown corner vorticities and the
coefficients Ai 4 are functions of panel geometry. The 9_-] are numbered
using the system given by eqs (3.9) through (3.16). Omne control point
equation (3.18) is obtained for each panel on the wing and together

they comprise MN conditioms.

reen e g v — e s

Edge Continuity Conditions

The 6 component of vorticity eq (2.7) 1is discontinuous across
the panel diagonal (See discussion in Section 1I.). This can be
partially remedied by specifying a point continmuity condition at the

panel lower right hand corner. This condition 1s:

I AT W RSP wp—s sy e o

&(349 yz) - 6[‘ (3.19)

- pr— e

which becomes

8, -85+ Lixy = x)/ (5, =301 7Y, -

R

[(x; = x)/ (7, =901 7Y - [(xq - x)/

(v, -y)1 Y, =0 (3.20)

20
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after substituting of (x4, y2) and the expressions for AL (2.11), BL
(2.12), and CL (2.13) into eq (2.7). One condition eq (3.20) is
formulated for each panel on the wing for a total of MN conditions.
Note that 5 is still not continuous across the panel diagonal due
to the remaining discontinuity at the upper left hand cormer. Also,

5 is not continuous across panel side edges.

The edge continuity conditions and control point equations total
2MN conditions. M additional conditions can be obtained by specifying
sn edge continuity condition for 5 at the upper left hand corner of

each panel along the centerline. This condition is: |

Orxys 7 = 6, (3.21)
which becomes

O,- 6 - 1y -2/ -y Y, +

[(x, ~x)) /03, = 7)1, + [(xy - 2)/

(33 =707, =0 | (3.22)

after substitution of (xl. yl) and the expressions for A.r (2.18), BT
(2.19), and CT (2.20) into eq (2.7). This choice 1s based on trial and
error, the additional 6 continuity on the centerline having the effect

of minimizing vorticity oscillatioms.

Compressibility

Compressibility effects are accounted for by using the Prandtl-

Glauert transformation (Ref 2:124-127):

21
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x=x/\1-M (3.23)

The transformation is applied to all x coordinates which are used in

either the control point equations or edge continuity conditionms.

Matrix Formulation

The control point equations and edge continuity conditions are

2MN + M equations in the unknowns, 93. This system has the matrix

91 Y1

[ Aij] . 9 - ug (3.24)

formulation:

2MN + M
(2MN + M)x(2MN + M)

The first MN rows of Aij

equations and are all nonzero. The last MN + M rows of A1

J

to the homogeneous edge continuity conditions and have no more than

are the coefficients fcr the control point

correspond

five nonzero entries per row.

Solution

The linearized form of the flow tangency boundary condition is
(Ref 5:495):

wlva-)- de/dx -(Y (3.25)

wvhere (Y is the wing angle of attack, dc/dx is the local camber slope
and Vd.s the free stream velocity. This expression is substituted
for each v, in eq 3.24 where dcildx is the panel slope at control

point 1. In matrix notation,

22
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Van(de,/dx - Q)
[Au]'[ei] - (3.26)
O

-1} de,/dx - Y
Bj’vco - [Aij] i 1 (3.27)

O

Forces and Moments

. " Once the Gj/vco are obtained for a given (Y and camber slope
distribution, eqs (2.2) and (2.7) can be used to calculate the
vorticity strength at any point on the planform. The surface perturba-

tion velocities in terms of local vorticity are (Ref 5:508):
u/Veg = * V12 (3.28)
v/vw- + 6/2 (3.29)
The upper sign corresponds to the upper wing surface and visa-versa.

Pressure coefficients are obtained from the perturbation velocities

by either using the exact isentropic expression (Ref 3:167):
C, = 200 + (Y- M2 - (gt w? +
v+ D) W) VY =D gy ey (3.30)
6: the second order approximation (Ref 3:167):
¢, = - [2ufNegt (1 = MO /e 08 +VOING] (3D

which is adequate for two-dimensional and planar flows. These coeffi-

cients are integrated along chord lines to obtain local 1ift and moment

23
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e

coefficients. The appropriate expressions are

*re

G =@e |, -c e (3.32)

1 u
Yx

Xrg
, 2
f | Cy (1/c%) (Cpl - Cpu)x ax (3.33)

| X

where the subscripts 1 and u refer to the lower and upper wing

surfaces.

This concludes the theoretical section of this report. The next
step ie the implementation of this panel to predict airloads on winge,
This is done by the use of a computer code “WING" which is presented in

Section IV.

© me
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IV. Computer Code

General Description

A FORTRAN code "WING" has been developed to analyze planform flow
using the methodology discussed in Sections II and TII. WING is a
pilot code and should not be treated as a fully checked-out production
program until the problems in the wing tip region are resolved
(Section V). Many of the programming techniques used in WING have
been previously developed by the author and can be found in Reference 8.
Care has been taken to insure correspondence between FORTRAN variable
names and the symbol usage in Sections II and JII. The listing
(Appendix C) contains comment cards that describe program function and
logic in detail. Below is a brief description of each of the sub-

routines in WING.
WING in

WING 1is the executive control routine. All geometric data is
read by WING. WING initializes panel parsmeters and calls subroutines

MESH, AERO, INVRT, and LOADS in that order.
MESH

MESH generates the x and y coordinates for the panel corner points
and control points. The mesh is generated from the information given on
the first four data cards. MESH is a FORTRAN version of the mesh

generator discussed in Reference 8.

25
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3 AERO

AERO formulates the control point equations and edge continuity

conditions. Subroutine INT is called by AERO.

i e e

INT

INT evaluates the panel integrals using equations (A.31) and

(A.32). Subroutine STRIP is called by INT.

STRIP

STRIP evaluates the five STRIP function equations (A.24) through

(A.28) given two points in the plane.

INVRT

INVRT inverts the coefficient array for the system of equations
formulated by AERO. The inversion is performed using Gaussian
elimination. INVRT is essentially the same inversion subroutine found

4in the FASTLODS 1ifting surface program (Ref 6:73-133).

o AP————— S = an < oW AW repe

LOADS

LOADS calculates the planform pressure distributions and aero-

dynamic coefficients for the loading cases specified by cards 6 and 7.

A ——
v

After the last loading case is examined, LOADS will terminate program

execution.

Input Description
}< This section provides a card by card description of input data

26
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along with some helpful "dos and don'ts" of program operation. All
input is unformatted and should be separated by commas. Integer data
cannot have a decimal point. WING is a nondimensional code which will
accept data in any consistent system of units. Presently, WING can
analyze planforms having sixty panels or less. This can be increased
by changing the dimensions of arrays X, Y, XC, YC, E, A, SG, CBR, and
SUM in common blocks A and C. The reader is referred to Appendix B

which contains a sample problem.

Card 1 (Span Data)

Variables (In Order) Description
SSPN The length of the wing semi-span.
NS The number of stations needed to

define the spanwise panel boundaries.
The wing root chord is station 1 and

the last station 18 the wing tip. NS

18 an integer and must be less than or

equal to 12,

$(1), ..., S(NS) Span stations as a fraction of the
semi-span. O. and 1. will always be
the first and last entries. Entries
must be in ascending order left to

right.

27
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NC

c(1), ..., C(NC)

Card 2 (Chord Data)

The number of stations needed to

define the chordwise panel boundaries
The leading edge is station 1 and the
last station 1s the trailing edge. NC
is an integer and must be less than or

equal to 10,

Chord stations as a fraction of the
wing local chord. 0. and 1, will
always be the first and last entries.
Entries must be in ascending order

left to right.

Card 3 (Break Point Data)

Break points are the x coordinates of leading and trailing edge

for those chords that define a sweep change. The wing centerlinme

defines the positive x-axis with origin at the leading edge.

The number of break point sets
needed to outline the planform
geometry. Two sets will be needed
to define a four-point wing. NB is
an integer and must be less than or

equal fo 10.
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|
F ; . NL(1), B(1, 1), B(1, 2), ..., NL is the number (Not the value!) of
] : NL(NB), B(NB, 1), B(NB, 2) the span station where the sweep change
4 occurs. NL is an integer. B(I, 1) and
B(I, 2) are the leading and trailing

edge x coordinates of the chord line
r at span station NL(I). Break point
sets are entered from inboard to out-
: board. The first set (NL = 1) will

always be the x coordinates of the

root chord leading and trailing edge. i

The last set (NL = NS) will always be

the x coordinates of the tin chord

leading and trailing edge.

ST AEe T R R T T T e = -

Card 4 (Mach and Control Point Data)

CY, CX Control point location in terms of

e e s s ue

local panel span and chord. CY is

}

the fraction of the panel span and CX
ig8 the fraction of the panel chord.

A recommended control point choice is
CY = .15 and CX = .75 which is based on

extensive program testing.

MACH Mach number (not an integer). WING

accepts subsonic Mach numbers only.
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Card 5 (Number of loading Cases)

NA cards are required

ALPHA

NCCG

NPF

The number of loading cases to be
examined - i.e., changes in angle of
attack or camber slope distributionm.
NA is an integer that has no upper

bound.

"Card 6 (Load Cases)

The angle of attack in degrees. Plus

is nose up.

The camber change parameter (integer).
Enter 0 to read a new camber slope
distribution or 1 to retain the pre-
vious distribution. WING initially
sets the camber slope array equal to

o.

The pressure option parameter
(integer). Enter O to use the exact
isentropic expression eq (3.30) or
enter 1 to use the 2nd order approxi-

mation eq (3.31).

30
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CY, CX Panel location (fraction of panel
span, fraction of panel chord) where
the pressures are to be calculated.
Pressures may be computed at points
! other than the control points.

Card 7 (Camber Slope Distribution)

This card is used only for a NCCG value of O.

CBR(1) ..., CBR(NP) The value of the loéal panel glope in
degrees for each panel on the plan-
form. NP 1s the total number of
panels, Entries must be made in the
order corresponding to the panel
numbering scheme (Figure 2). The
sign rule for camber follows the

standard convention.
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V. Results

Program WING was exercised for a variety of four point wings
having various aspect ratios, taper ratios, and sweep angles. This

section presents results for two of these wings.

Two general observations are made first. One, control point
location is the major factor controling bounded numerical oscillations
of the vorticity vector as it is in many current paneling routines
(ex. Refs 6 and 8). Oscillations are very common if the control
point 1s located anywhere on the leading triangle. Fewer oscillations
occur if the control point is located on the trailing triangle with
.1 = CY = _5and .4 = CX2.9. Secondly, the program shows the
best results when uniform spanwise paneling i1s used. KNon-uniform
spanwvise paneling tends to cause oscillations in the vorticity vector.
However, non-uniform chordwise paneling seems to have little effect on
solution stability. The best total CL match (with other known solu-

tions) occurs at approximately CY = .15 and CX = .75.

Rectangular Wing

The first case examined is a rectangular wing; AR = 8, (¥ = 5° and
Mco'- 1. The wing is modeled using 12 uniformly spaced span stations
and 6 non-uniformly spaced chord statioms (0., .1, .3, .6, .8, and 1.)
which define 55 panels. Figure 4 shows the CL distribution predicted by
WING and Anderson (Ref 1:9-16). The 1ift coefficient experiences a

spiking phenomena near the wing tip. This phenomena always happens in

. A . 7 T

R SO
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7 By WING,
T —-— cLTo,r = 0449
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Anderson, CLTOT .438
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y/(b/2)

Figure 4. CL Versus Span Station for a Rectangular
Wing; AR = 8, (Y = 5°
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:

? : the region defined by the last three outboard span stations. Also, the
: ’ CL distribution falls off faster than it should before reaching the
region where spiking occurs. There is very little difference between
total 1ift coefficients indicating the areas under the curves are
approximately equal. This shows the solution is possibly trying to

compensate for the spike by underpredicting 1ift in the inboard region.

Figure 5 shows the spanwise distribution of center of pressure.
The xcp shifts are aft in the region of spiking before traveling for-
ward. The ACp versus chord station curves of Figure 6 exhibit
expected behavior for the inboard stations (0 = Y/S = _585). At
, , Y/S = .9, the curve has "fattened up" considerably which drives the

,}‘ xcp backwards and creates the C. spike. The curve is subsiding sgain at

L
; Y/S = .95 since the Kutta (no net load) boundary condition is imposed at

" e

the tip.

Figure 7 1s the Y strength at the root chord. The calculated

solution compares favorably with the exact 2-D flat plate solution H

= Wy — T W -

(Ref 5:515):

Yx) = 20X [€e - )/ (ex = 2D)] (5.1)
' { where ¢ is the chord length and (Y 4s measured in radius.
! H
% Figures 8 and 9 show )Y and 6 strength distributions at

ot selected span stations. The 6 distribution grows in magnitude rela-
¢ tive to 'Y as we approach either the tip or the trailing edge. This
allows the vorticity vector to turn and satisfy the Kutta condition as

shown in Figure 10. The 6 component is 0 at the leading edge which

34
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Figure 5. ch/C Versus Span Station for a
Rectangular Wing; AR = 8, (Y = 5°
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Rectangular Wing, AR = 8, (¥ = S°
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1.4*

1.2

-y

= Calculated

© Exact 2-D Flat
Plate Solu.

n
v v 2 ] v
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.5 .6 .7 .8 I9 1.

Figure 7. ) Strength Distribution at the Root Chord of
a Rectangular Wing; AR = 8, (Y = 5°
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Fig.~- 9, 6 Strength Distribution at Selected S&an
Stations - Rectangular Wing; AR = 8, = 50
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is the condition of infinite slope (eq (3.5)). Also, the 6 component
is small near the wing root chord which illustrates the effect of plan-
form symmetry. Both the 6 and 'Y components exhibit unusual

behavior in the tip region. Possible remedies for this problem are

discussed in Section VI.

Swept Wing
The second case examined is a swept untapered wing; AR = 4.5,

A= 40°, Y = 5°, and HOO = ,1. The wing modeling is the same as

the rectangular wing. Figure 11 shows the CL distribution predicted by

WING and by wind tunnel tests (Ref 4:92). Again, a spiking phenomena

occurs. The predicted C. curve is showing the proper curvature in the

L
region inboard of the spike. Also, the total 1ift coefficients again

e m s e o

show close agreement. Figure 12 shows the x center of pressure versus

span station which again shifts aft in the region of spiking.
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Figure 11, cL Versus Span Station for a Sweptback
Untapered Wing; AR = 4.5, A= 40°, QO = 5°
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Xep/c
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- By WING
0 Test Data
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.21
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* d .2 .3 4 .5 6 .7 .8 .9 1.
Figure 12. ch/c Versus Span Station for a Sweptback
Untapered Wing; AR = 4.5, A= 40°, (¥ = 5°
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VI. Conclusions and Recommendations

Conclusions

A paneling technique which allows the vorticity vector to change
direction has been demonstrated. The proper choice of control point
(see Section V) will guarantee a solution free of numerical oscillations
in the vorticity vector. This method has been implemented on a computer
and introduces no new complexities to an experienced programmer. Exist-
ing mesh generators and other aerodynamic modules were incorpocrated into
this technique (Ref 8). Computer run times are of the same order as
programs incorporating "fixed direction vorticity" panels and no

problems involving extensive “‘run times" were encountered.

The method gives good aerodynamic results near the centerline of
the wing. However, the method will underpredict life as we uove
outboard. A gross overprediction of 1ift occurs in the region defined
by the three most outboard span stations. Total 1ift coefficients as

predicted by this technique agree well with existing solutioms.

Recommendations

! The following ideas are suggested for the improvement of the

- ; method and hopefully will lead to the elimination or minimization of
the "spiking" problem.

} a. A wake model should be incorporated intc the program.

b. The flat plate panels should have a provision for leading edge

] suction.
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c. Higher—order panels might be needed at the leading edge and

tip. This would turn the vorticity vector faster and minimize the

spiking. An elliptic vorticity distribution is suggested since many
classic lift distributions are elliptic near the tip.

d. Change or modify the leading edge boundary condition. The
"classical"” tangency condition may be unappropriate for this kind of

panel. Reference 9 suggests the Kutta condition be applied at the

leading edge.

e. Interchange the role of 'r and 6 with respect to panel

boundary continuity conditions. Perhaps the 7Y distribution enjoys
too much continuity on the planform. This could be creating problems
by forcing the ’)’ distribution to underge unusual "warping" in order

to satisfy the planform boundary conditioms.

i A e A R T YO R I B e P S R WS i 0= e ekt
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APPENDIX A

Evaluation of the Panel Integrals

The methodology for evaluating the integrals I’ © of section 2 is

presented here.

Consider the semi-infinite region shown in Figure 13. This strip
is bound by the lines y = Vgr 7V = Yy» and the line segment connecting

(xo, yo) to (xl, yl). The equation for the line segment is:

y=Mx+b (A.1)
where

M= (G, -y )/ (x; = x)) (A.2)
and

b= Yo - XOM (A.3)

Define the following improper integrals on the semi-infinite strip

21 L
¥, = lin I J £,(x, Y)dxdy (1 = 1, —S5) (A.4)
I»0/y 7 (v - b)/M
where
£(x, 7) = x/ (x2 + y2)3/2 (A.5)

3/2

(A.6)

fz(x, y) = le(x2 + yz)
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£,(x, ¥) = x7/G* + y%)3/? (A7)

£,Gx, 3) = /G2 + yH? (A.8)
and

£.(x, ) = y/GP + B2 (A.9)

To illustrate the methodology used in evaluating the integrals (A.4),

consider

71
¥, = ln J J Iy2/ G2 + y2)3/ 2 axay (A.10)
ooty T (- b) M

By Pierce's :lntegral. tables (Ref 7),

2 lJay = (A.11)

(y -b)/M

+y)

rs-limI [yx/(y x
I»CO y

161
1im I L dy/'\/L + y - I ((y - bYM)dy/
1IsCO

yo
\ﬁ?y - b)/M)2 + y2 (A.12)
Substituting
z=(y~bd)M (A.13)
and
dy = Mdz (A.14)

into the rightmost integral of (A.12) yields:
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71 *1
Fg = lin I (1dy/ 12 + yz)-MI zdz/
I»CO” y x,
V22 + 4z + b)2 (A.15)

The integrals (A.15) can be evaluated using Ref 7. One obtains, after

some algebraic manipulation,

P, = ln L 1al(y, + V2 + 12 /Gy, + Vo2 +1D] +
L»C0

(/@ + 321l (Ve2 + 52 4 ((xy + My
V14100 /7(Va2 + 52 + (x + w5 ) /1 + 0] +
/@ + ¥ 1VEE + 52 - Vi + ) (A.16)

recalling

¥ " Mx. + b (A.18)

Notice the limit
lim L 1n[(y, + \/yi + Lz)l(yo + \55 + Lz)] (A.19)
L-+CO

i8 not a function of x, or x; which leads to the following observation.
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- Y — e

If the integral Fs is evaluated on any other semi-infinite strip bounded
b by the lines y = A and y = Yys the limit (A.19) 4s invariant. Evalu-

{ ating the integral Ps using any other line segment connecting y = Y to
| d Y=y and formulating the difference between this result and (A.16)

leads to cancellation of the limit (A.19).

The other four integrals, Fl through F,, can be evaluated by a
similar procedure using Ref 7. Each integral has a limit term given

by:

) U=l +Vo? + 1D/ + V1D a0
L-+¢C0

2 2 2 2

f (Fz) lim[ylln( L + 2 +1) - yoln( L® + Yo +

f 1L+»CO
3 L)] (A.21) i
3 . X
] : i
, : s
- (Fp) Lm V2 + 52 - V2 + 52 (a.22) ;

i L+CO )

!

PR e

(F4) 1im In[(L + L2 + y:)/(L + \/Lz + yi)] (A.23)
L=CO

These terms cancel upon the formulation of integral differences.
Retaining the finite terms from each of the integral evaluations, we

can define "Strip Functions" S1 for the functions fi and the points

: (x,» 7,) and (x,, y;) by

ALY PR § B IV Wi

810Gz, 3)s (x5, 7)1 = 04/3/1 + e (A.24)

LTRSSy APty
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8,0Gx0 700 (xy0 7)1 =y Inl Vel + 32 4 x.1 -
¥, 1nl xi + yi +x,1+ 0/ + w))E +

b/ + 18356 (4.25)

840G, Y )s (xps 7)1 = 0L/ +0))E +

/1 + m2)3/256 (A.26)

8,0Gx. 50, (=1, 71 = Iallx, + Va2 + 32

=, +\/x§ + yﬁ)] - 6/\1 4+ (A.27)

SslCxys 70 (g0 31 = 2701 + 193/ 2 -

/(1 + ¥))E (a.28)
E i
reo vhere
E
s 6 = 1ml(YaZ + 52 + (G, + My /Y1 + D))/

(Va2 + 72 4 ((x, + My 1L+ 0] (4.29)

and
Hw= ﬁi + yi - {xi + y: (A.30)

Examining Figure 1, it is obvious that each of the panel integrals

(2.30) through (2.34) can be obtained by forwulating the difference of
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two corresponding strip functions. This leads to the following

fundamental results:

I;: - Si[(xl. yl)o (33' yz)] - si[(xl’ 71):

/ (24, 3'2)] (A.31)
\ Iy = 8ylGy, ), Gxg, v, - 5,((x,, ¥,),
(x4 ¥,)1 (A.32)

where { ranges from 1 to 5.
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APPENDIX B

"SAMPLE OUTPUT
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SPAN STATIONS

YLoC /s
1 0.000
2 «250
3 «500
4 « 750
5 1.000
SE%]=SPAN = 10,00

CHORD STATIONS
XLO0C

X/7C

000

«250

«200
«750

W& WN

1.000

BREAX POINTS

55

TE YLOT
2.00 1
2.00 L3
RACH NURBER = L1100
CY = «150
TY = .750
1
" PANEL 1 X7 3 X% 1 V2 (R {
1 0,00 «50 0.00 *50 0.00 2.50 38 & «30
2 50 1.00 50 —1.00 0.00 250 . , ER -
3 1.00 1.50 1.00 1.50 0.00 2.50 1.38 *38
3 T.50 Z2.00 1.50 Z.00 0.00 2750 1.8 °38
5 0.00 50 0,00 50 2.50 5.00 «38 2,88
[ +50 1.0% « 50 T.00 2.50 5.00" .88 2.8
7 1.00 1.50 1.00 1.%0 2.50 5,00 1.38 2.88
L] I.50  2.00 1.50 200 2,50 5200 T.88 <88
9 0.00 «50 0.00 «%0 5.00 7.50 38 5.38
16 <350 1. 00 o350 —1.00 5.00 7.50 — 88 .
11 1.00 1.50 1.00 1.50 5,00 7.50 1.38 5.38
12 T.50 2.00 1,50 — 2.00 T.00 730 1.88 .38
13 0,00 «50 0.00 «50 7.50 10.00 «38 T.88
14 «50 1.00 50 1.00 7.50 10.00 +88 7.88
1% 1.00 1.50 1.00 1.50 7.50 10.00 1.38 7.88
16 1.50 2.00 1,50 2.00 7.50 10.00 1.88 7,88
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ALPHA = 5,00

PRESSURE AND SINGULARITY STRENGTH DISTRIBUTION

XP = L.750
. Yp » ,150
LINEAR
Y/S = .C38
_x/¢ CANRER . DEL cam cPy cPL DELCP_
188 0.00 «00215 41582 =~.46623 «36541 683164
<438 0.00 «00357 L19382 ~.21074  .17691 238765
688 0.00 «004%2 12030 =~.13151 <10910 < 240561
938 0,00 « 00484 «02656 ~.03436 L01877 +05313
Y/S = .288
X/C CLMRER DEL GAM cPU ceL DELCP_
=188 0.00 .00618 <3BRJ6 ~—.43403 «34389 17192
%38 0,00 «01164  .17955 ~,19518 «16392 »35910
688 0.00 . 01598 11280 ~,1236) 10197 «22560
938 0,00 .01862  .02556 =.03343  .01770  .05113
Y75 = <538
) ¥4+ CAMAER DEL GAn crPy ceL DELCP
=188 0,00 S0503%F 32041 =.35407  L28675°  <64082°
«%38 0.00 .07086 14394 =,15793  ,12994 «28787
<688 0.00  .0B0%0 09528 ~=.10678 08378 219057
938 0.00 «08360 01946 =,02892 «01000 .03892
Y7S = .78%°
x/C CAMBER DEL GA™ cPU cPL DELCP
w168 6.00 221639 <33951 =,38736 ~L.29166 67902
."8 0.00 01728‘ .2‘860 "oZ“SSl 019169 .‘3’20
L L) | o ) 057 ".I,lﬂ olZ“S‘Q .35[[5
9138 0.00 +18774  .03R&4 -,05524 02165 «07689
LOADS SUMWaARY
s X=t¢ tHO%0 L o)
08 .28 2.00 « 4B 134
29 .28 2.00 <45 126
54 27 2.00 .37 «102
<79 .34 2.60 Y} 152
56
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PROGRAM LISTING
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1 PRGCAEF WIRCOINPUT CUTPLT TAPES=INPUT,TAPEG=DLTIPUTY
C
[d FECGRAY »iKC CALUCULATES YHE AIRLCADS ON 8
_ c _BTNG OF BRPITRARY PLANFORM ANL CAPBER IN
) c SUESCMNIC FLCwe & TRIANCULAR PANEL HAVING
C ¢ PILINEAR VCRYICITY CISTRIBUTIGr 1S USED
C TCPRETICY THE PRESSLRE FUIELC. CCPFPRESS-
c TRILITY EFFECYS BRE SCCOUNTEC FOR _THRCLGH
C THE PRINCTL=CLAUERT TRANSFCRFATICH,
1c C
CCFPCR/ELCCKA )P (EC AT V(€D 204 XCCEOI s YCI(OECT JECEDS 20 4CYoCX
CCVP(FIFLFCRPIFS;SSP\.S(IS)okctgilgllh§1§}l10).8(1Qv2!.PACH
CCPPOn/PLCCRT/2€120413CH9SGU130)+CBRUEOIsSUPLECI g ALPHA WD
CCPPOM/PLCCKEZILIS) 41T (5)
1€ CCPPCR/JBLCCREISPE(S,23)
REAL PECK
RESL TLITY
4
C FECIN IRNPUYT SECUENCE FCR GEOFETRIC DAYa.
¢ C 2LL CAYTA 1S READ USING FREE FCRMAT,
C FEAT SPAN TATA.
REALCE o#) SSPR NS, (SU{IVoIn1,4nS)
WRITET(ESICCD
10C FCRYAY(///729249SPAN STATICASO/726X39YLOCO® 411X ,0Y/S*)
f TE ¢ =18 %
1€ WRITECE4120) 1,511)
YT FCFFYTZ6V 2 T3, JCN o FEL 1T
WRIVE(E412C) SSPA
YZU FURFITII DI SEFI-SPEAR =¥,F7.7)
ac c FEAC CHCRC DATA,
FEAT IS ) RLSITITY, T 1R (T
WETTECE4120)
YT FCUFAYU772ES JACFORD STAVIORSH 726X $XLUUH (T IN 0570y
BC 2C Y»l4M(
kL ZC GFRITETEL14CY T, C(D)
14C FCRPAT(2€3412,1C%4F¢,.3)
C FEAL BREAW PEINY BATA.
REATIS4#) NESIALEI)oBI101)4B0142))0T=]1,NR) -
PEYITE(ESTEC)
ac 15C FCRPAT(//2GP oSEREAK PCINTSO/22XoOLES S 1OX 4OTES 420X 9YLOCY)
T IT T+1RF
3C WRIVE(E,1€6C) PUY 1) 4BCI,204AL(TY
YEU FURFATTYIOY  F 7.2 45X FT. 24 7%,137
c REAT CCNTRCL PCIAT LCCATIONS ARG PACH
14 REAL{Z+%) LY. (P 4PA(F
GRITECE 41700 PACHLCYLCX
TTC FCRVAYC /7210 +¢PACH NUPBER ¥ FG3/773IN00Y 29 ,F&,3/31X,
160X =d,F¢,3)
T FEAT YFE NCREER TF COACYRC CASES YO ¢
€C C FYAFINEC. THE SNGLE CF ATTACK ANC CAPRER
T TTSYFTRUYICN RLREMCF UHASE WITLU EEREAT
¢ LATER IN THE PRCCRAM, YHIS IS CCME TC
L FEESERVE STCRAGE SPITES
REAC(S,9) N2
Y RRTTETZ, ¥InD
C CALCULATE P ANC N. M 1S THE NU¥BEFR OF
T TFUPINTISE FARELS ARD N Y35 YHE RUFEER

" YT AP M AP AR A7 o e S
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!
t TCF SPANWISE PAMELS
FaN(C~-1
[ X4 ANskS=]
C CALCULEZTE WNUMBER OF PANELS NP,
NP=p A
C C2LCULATE MUMBER CF UMKNCMN STINGLLARITIES.
ANP2s2¢APep
¢s C C2LL PMESH CENERATCR
CeLL FESH(AF)
CALL SEROINPPoRsNP2) -
CALL IAVRY(RP2
. CALL LCACSEAP,Fyh,NP2)
C ENC
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1 1 SUBRCLTINE PESF(RP)
c SLERCUTINE YO CALCULATE PANEL CCRMER PCIN
4 T 1S ARNE TONTRCT PCINTS,
! CCPPOM/BLCCKA/DICE0 441 oY €Ce2) oXCULOIZYCIOCI o ECE092D0CYCX
] COPrOR/BLECNP /NS e SSPN STISY JNCoCTIOVWAB M (108110020 +PACH
e}
RE1=RE=1
AC1lepC=1
TC &C Kol RE1
1¢ CC 1C Ye=14AC

ECT IV IN I IeC IV (BIK,,2)=-B (K, 1))
1C E(14219P(Ke141)¢CII)0{BIKS1429=B(Kely1))=El],1)
TC1=00tx) -
1C2=nLNel)
T TE3=Y(2-1
CC 2C JsIT1,102
CZ=X (L Y=50Ity
CI=SCICIY
T ¢t T=1,8C1
2¢ X(NC 4 1)=ECTo1V4ELT4208(S(JI-D2)/D2
XIRT 2V =E(Te IV eE (141,208 (S (TY-TIV70?
XINCo2)=ECl42)eE(T42)¢(S(Je1V-03)/C2
YUINT AN (Tl I T0E( T2 2V (S TV=-L3V/02
YIAC,1)eSCIVESSPA
i) Nl 2 V= SIS ITVeSSPN
AC=hCe)
20 CCRYTRCE
3C CCNYVIMLE
AT CCRYINLE
3¢ c CALCULATE CCNTRCL POINTS,
o1 o £ 1.1
YOOI )= C1=CYIOY (T 410eCYOY(],2)
ST XTIV e T Y YO (T s TV UMV YA XU T4 4= (Y 3 T e C1=CYV &
1CX(T420=X0141)))

IT —C FEINY 4 YAPLE CCRSTSTING CF THE PINEC ®DS
€ . INT THE CCRRESFCACING CORNER AND CONTRCL
— € BCIRTS,
PPITE(EL1CCY
YOO FURS TN/ 77 N S PERE L O s T s WX I s QN ¥ X2 BN s IX TN SN SN AT S Y L ¥V IF
4C 19X g 0V28 ,9X ,O0X(4,8X40Y(CH)
] TCTET IsT hF
3 WRITECO1C1Y ToXCTald o XU To2 o X TadtoXTlobdeVY( el oV T e2)eXC(I),
TYC(
1 101 FORPITIEXT120€E14X,F2,2))
[ 34 60 TINTYIRMUE
RETLAN
ENG
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1 SUBFCUTINE IRV (X14X2+X3,%4,Y1,Y2)
c THIS SUBRGLTINE EVALUATES THE PANEL INTE-
C CFaLS. IT ALSC FLNCTICNS AS THE EXECUTIVE
C CCATPOL RCLYINE_FCR SUBRCUTINE STRIP.
€ COFPCRZBLCCHE/TLIS5) T T (S
CCMPCN/PLCCKE/SPF(543)
REML ILoIY
c TALCULAYE STRIP FUNCTIONS FOR THE PANEL
C LEZCING EOCE WITH CORNER POINTS (XleY1)
1c C EAD (X34Y2),
-1
CALL STRIP(YT4¥14X39V241)
3 CALCULETE STRIP FUNCTIONS FOR THE PANEL
c PAIN DIACCHAL wITH CCRAER PCINTS (X1,Y1)
1% 3 INC(34sY2) s
102
CIUL STRIPCIL VI FhoY2,11
c CALCULATE STRIP FUNCYIONS FOR THE PANEL
C TEZILIRG ECCE WITH CCRNER POINTS IXZ YLV
2¢ C EAT (X44Y2),
T=3
CALL STRIPUS2+Y14%4,Y2,11
¢ EVILL2TE PAREL TNTECRALS,
CC 31C I=1.5
7 TCCNSSPRt T 11=-5PF(152)
TT(1)=SPFLT42Y=SPF {143}
¢ CCNTIFCE
RETUGS
ENE
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SUB”CLTINF STEIP(XO0.YCor1o¥1o1D
SLPRCUTINE YC CALCULATYE STRIP FUNCTICNS.

[aKa{al

THERE ARE 15 STRIP FUMTYICN CALCULATIONS
FEF CUSCRILATERAL PAMEL,

CCPPEM/BLLCRE/SFF(S,3)
REAL *C

~

USE STRIP FURCTITCN ECUATIONSTFOR AN IN-
FINITE SLCPE IF ¥lex(.

1c

TFC2ESOY1I-XCI LT, 1E~8) CC TC 1CC
PCetY1-Y01/LX1~XC)

BC=YC(-¥CorC
CUYI~SCRT(¥CO424Y0862)

DLPZ~SCETN16ezev1402)
CUP2eSCRY(14PC402)

CUNZa LUV Lo UXCePCIYCI/CLPIV/TCUP2eIXIeFCOYIV/TLRT)
CLM4ngeS(CLPAY

CL4T2LCO(LLPAT
CLPEnsES(CLPIINC)

2¢

TUFESITCCTITUY Y
CUPEw2PSICLP2eN1Y

Ceses2Ltetiry
SFFUloTVe=-PLOCLPa4/DLPY

SFFUZ I s YCTLU P E=YIOCUPE~POS(CUPI-COP2Y /OUPIO 0 =R COCLFA/OUPFIS 3
SPFI2,])wPCOe;e(CLI2-CUY1)/CLPICG2-PCOPOOCUML/LUNI®OT

SPFUSoT)aPlOr(002eNLP4/CUPICETePCe(DLM1-DUY2)/0UPIC0Q

1CC

REYLRR
CONTIMLE

CTUFI=StOTTR T2+ YU V2]
CUPZsSCRY(3(042eY10482)

TUF 3= TSI CUFYS YT 7TTCP oYL Y
SPFll41)s=2LCCLCUPI)

CTLPIIESTIUTT LY
DUPIs2LTCITLPY)

DU A FESTCTe 2oy
CLP&a 2L CCICLPAY

TSPF IV YCITUFI-YITUPA
SPF(2,1¥=CLr2-CUP1

SPRU&, TT=TLPa-TUP?
SPFUC eI )meXCOSFF (141}

FETLED
(139

62




e a

e -y

W L N R P TPV ¥ OPUY e R

AFIT/GAE/AE/80J-1

SLBECLYINE TAVETINPD)
SLERCUTINE YO INVERY THE AE!CQVN!FIC Ih-

(aXallad

FLUEMCE CCEFFICIENT ARRAY USING CAUSSIAN
ELIVFINATICA,

1 ]

CCPPON/PLECNC /2012002309 SC13C)CBRIECI SUPLECHALPHANA
CC_2C 1=1.NF2

PIVEY= 2 (I 1Y
2(1+11e1,

1C

1C

CC IC L=1.AP2
ACT.L0=pCT L)/PIVCY

TC 2C FP=10P2
TE(r EC.TY CC IC 20

TTed(F, 1}
8(r4T11=(C.C

CC 1€ L=140P2
AUV LY (P, L )=-2CT,L)0TT

CONTINLE
RETLRA

ENC
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|
¢
B
4
R SURFCUTINE AEEC(RPoFohoAP2)
4
C
C THIS SUBRCLUTINE CALCULATES THE AERCDYNA-
1 L € PIT INFUUERCE CLEFFICIENTS ASSUNFING 4
{ C SCRYICITY CISTRIBUTICN OF (=CX+EY4F)1e
/ [4 “(E+BXeCYVd. YHERE ARE 2T(KPY UNKNCWN
C SFTER THE BPCUNCARY CCNDITICNS WAVE BEEM
4 IFPLTEC.
1¢ C o
C

CCPPER/RPLECKA/Y16004) o YLECI2VoXCUEONsYCIOC) yE(ECH2)4CYCX
CCVP TR 7L CHE /RS oSS PR S{ISIINC o CUIC)oRBNLELI0) oBT102) P ACH
CCPPCR/PLECKC/801200130)+SC(13014CRRIECISSUMIECIALPHAINA

3% COPPUR7BLUONCTIL(S L ITTE Y
REML PACH s JU 1T oKL KT
TRYECER ™ LT sLZ 03504, CY T2+ €T, G4
Ple2,141562
AFPTF=SCATTI=-FECFE¥2)

2¢ PCe(

2ERC OUY THE AERCCYNAPIC INFLUENCE
CCEFFICTERT ANE CONTIRUYTY CENCITION
ERRAY 2(J411Y,

(o faka faXa

CC 1C Isl4hF2 :
LU T J=aY,*P¢
Atdelrec,
S CURTIRE
' 3¢ 1C CCNTIMUE

START CRANC CONTROL PCINY ECLATICN LCOP

™

CC 4CC J=140P

T T i ) “WEYRTEVE CTNYROU PCYNTS AT PANEL ]
XC3exCLJ)
YOO TT

TIFLCUCATE TYFE INTUTED VELUTTYY AT CONTRCL

4C FCINT J CUE 10 PANEL 1.

(2 LaXa L2

OC 37C I=1.0P |

SPPLY A LINEAR TRANSFORRATION VO THE CC~-
“CFCYRATES TF PAREC I WRERE TFE KED ORITIN
1S (XCJoYCJ)e

E
"
(2 [aXs Kala

Xie¥(1430-%CJ

: Xy (T421=-XCJ
eC X3=3(1,3V=-X0CJ

X4=F (T 471=0CJ

CILTULITE TKE ¥ SINCULDRITY KUPBERSTAS &
FUNCTICA CF PANEL AUPBER, )

X,
[

——
(222 EaXafa)

CELTAL

Ulel-1
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[ELY»2
C2e1

{I8TE)
C2el-10r

TELTAS
Canper

Carre)
ClobhPerey

CarPra2
GCZohPePelel

Corpa3
Gl=hPe20Me]

Carraqg
GaonNFe20MoTe)

SPPLY THE PRANCTL-CLAUERT TRANSFCRRAYICA

o] o o o O N o N

X1=31/8PCH

X2=32/787CH
X3iey2/80CH

X4=ys/pr (e
CALCULATE LEADINC EDCE PANEL CHECK PARAP,

PCTICE THE USE CFTINTEGER ARITHNETIT,
Ne=l-(1/PYoP-]

CALCUUATE YRATIUING EDCE PANEL CHECK PARAP,
NSelet]/m)op

I-13 LECP CCPPUYES THE INCUCED VELOCITY

9
C
C
[4
<
C
4
c

37 COMNTRTL PCINY J DLE TC PANEL 1 (K=1)
ANT THE IPACE PANEL CF 1 (Kke=2),

0C 2¢C Kel,2

CLPa(=]1,000K
YiaY(IelbevCJeurF

YT YT 2VOYCIOILT

EVALUATE TFE TEN IKTeCRALS,,

COLL IPTEX14XZeXIeXb0Y1,yY2)

KL (20 (VI=YZIOIL (I I=-INI=NIDOIL (S V= EVIONI=NTeVIIOTL (4D /(YI~Y2) .

KTe(2¢(VI=YZI0TT(IN=C32=-NADOITLSI-IVLOX4=X20Y2)01T(4))/(Y]1~Y2)

CrEC TF PaneEL 1 IS A WING TIP POMELL
IF(1.CY.(MP=P)) CC YC 2C0

FAREL ECLATICNS IN TrIS SECTION CF THE

CCCe aRE #ea acCT CHCRC ant INTES{OR P20ELS.

TF(NEAELPCY) CC TC 20
ZFPLY FLGM TANCENCY CCADITION AT THE LLE.

YIsv¥(TePo2Yev(JoCLm
2¢etrlteme3)=-3CJ)/ArCH

BCJeC1VoAE C0eMV2¢1L(4)=-TLCS)NOUNI=R1D/EYL=Y2)/(V2-Y10/4/P]

BLJeCININALIGC2NOtILE5)=Y1¢IL (4D IOINCaNI)/(VL=Y2D/(V2-Y2)/4/P])

¢C 0 2¢C
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PRI X A L N E I R R Y AR A CA F A LY D]

BRIP4 I I A A R N IS LY S R IR LY R VAR TR 2 Y2 Y 2
36 eenViF - 0T

BUICTVealdeCitotivaov-Vien2 V01T (1 i-(2-R100Y201L(1D=-(V1=V¥2)
ILARAYARER P IRALINNR PR LN LI ANNAS FER RRVARNEAFIVLYAA

BUJoC20080d0C ety 201T060-1T0800/VI=-Y2)/0a/P]

TV i=-V1i7 0y rese|
IR A I UM M VA I P YLYAd !
1F(rs.EC.PCY (C TC Jol

80J4C210800,C2 0001 V]0DA-N]OVY2)OTL({1)e(Y2-YV]1)O0TL (200 X]~Ns4)OKL)

ACI 02V doCaN e iV I-Fa oV TOTVII Ve tVI-T2IO IV (20X 4~ Y VOKT)
17¢Y1=%23/UXe=211/4/0}

A0JoCa1aRlJoCo)otINIOV2-Y1OPI)IOIL(1)=ANI=-D4DOV1OIT(])=0Y2-Y])
T S A NI D LA A A Y IR s D A YA

¢U TU 360
CCNTINLE

FAREL ECLATIENS IN THIS SECTION CF THE
CITE SVE FIK YIP THUWT PANELY

TEIRELAELPLT (U 1O 240
SPPLY FLOW TYANCEACY CONDITICA AT THE L,E.
FIYE = CarFdd o O, TPPLTES DELYAT & O,
27 THE L.E,

4
¢
C
C
C
[
C
C

ACJsC100A)eCY ety L (4)=TLISIIOINI-N1I/(V1=Y2)/(V2-Y1)/4/0P]
¢U 10 230
CCNTItLE

BUIeCINICA(IeC IV (V20TLI4N=TLI23)/(V1=V20/74/P1

BEI Ve ACICIN0lILIS)I=VIOILIANN/IVI=-Y20)/4/P1

CCNYINLE

BUJeC2008034C2)0UV20IT(4)=1T(5))/(Y1=YV2)/4/P]

AU sCaYm RS oI CITISI=VLIIT(AVI/(VY1=-Y2)/4/P1

A0 C1Y0ACeC Yo XaoY]=Y20X2 )0 T (] )=(X2=X120¢Y20IL(2)=(Y]=Y2)
YUY I=S Y TIRLTTXZ=-XXTORT I 7 X 2<NY V7 CVI=Y2V/37p [

— TFING BT, PUT (U T0 3¢8C
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3eC  COMYIMLE
172¢ 27C  CCAIIMLE
-4CC COMYIMUE

¢ L
[ TFIS SECTICN OF SURPRCUTINE AERC FCRMULATES

C YHE MP CELYA SPECIAL CONTINUITY CCNDITICAS
< CRNER.
[4

1¢C AT THE LCWER RICHY HAND PANEL CGRANER.

TC €CC T=140P
) IrPeTeprp

X1sy(1,1074PCF
b 18¢ X2e3(1,2)V/74PFCFH

¥I=3(1420/APCF

X4up(1,41/8PCt

YI=V(I,1) ) ;
Y2+Y11,2)

18¢C C
. C2e1-1]

Ca=]

Ci=pPal

3 CishFaTlep

16¢ CashFelere])

CILCULATYE YE ANC LE CFECK PARAPETERS,
Ne=f-(1/P)0P-]
NSsT-:1/F)oF

[

. CHECK IF PANEL T IS 4 WING VIP PAREL.
TETTCT. IRP-Fi) €C 10 SC0

FANEL CONTYNUYYY EQUATIONS IN THIS SECTION
CF THE CODE ARE FOR INTERIOR AND ROOTY
CFURD PANELS.

YFINT.RELPTT CO YU 410
Y3iav(1ePe2)
’ XS=V ([+F3V7a%TH
4 . ACIAP G2 m=YE=X3)/(YI=Y2)
: 210 €6 1T &20

410 CONVIAUE

(IR, 03V e-1,

420 CONTINUE
. ACTNP DAV =1,
. 215% ACTAPCIInATINP,GI)=(X1=X4)/1Y2-Y1)
4 ATIRPCL s (X 3=Na)Y/7(Y2=Y])
1FIN9,EC.PCY GO TD 590

ﬂfJﬂﬁﬂ (2]

208

i ACINPCA T o= TXI=MLV7(YE=V1])
G0 10 590
720 4 i
c PANEL CONTINUTVTY EQUATIONS IN THIS SECTION
€ CF YHE CODE ARE FOR YIP CRORD PANELSs
(4
500 CONTINUE
225 TFINELEQ.PC) €O TO 510
ATIRPC3Ve=1,

510 CONTINUE
] aTINF, DAT=T,
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! ACINP G )o(X3=¥4)/(Y2=-Y1)
230 $90 CONTINUE
600 CONTIAUE

THIS SECTION OF SUBROUTINE AERO FCRMULAYES
® ADDITIONAL DELTA CONTEINUITY COMDITIONS

CN THE RODT CHORD PANELS.

235

OO OO

DO _ICC T=1sF
INPa2eNPe]
I=1

240 X1=X{Js1)/74PCH
¥2=X(J42V JANCF
X3eX(J3,3)7APCH
X4=X (1481 /APCH
Y1=Y14,1)

rIT V2o¥T1,2)

01s)3-1"
r2=J
. Gl=APebe ]
250 GC2=N\PoeMege)
GamhPe2éMe Jo]
C __ __CALCULATE TE AND LE CHECK PARAMETERS.
NB= J=(J/Mien-]
Ne J=-( /v )on
- 295 TFIRE.NE.FCY GO YO 710
AUINPoGl)=={X3~X1)/(Y2=-Y]1)
o0 Y0 120
710 CONTYINUE
ATINP,01Ve=T,
260 720 CONVINUE
ATINF,02T=1,
AUTNP,GLY=ACIAPCLYSIX2=X4}/(Y1=Y2)
— JFING EGLWEY GO YO 700
AUINP,GoY o= (X2=¥10/(V]1=Y2)

265 AUIND G2 I = Xa=-XTV/(YI=Y2)
i 700 CONTIRUE
3 RETURN
END
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1 SUBRCUTINE LOACS(NP+MeNoNP2)
; 4 SURROUTINE YO CALCULATE PRESSURE DISTRI-
; c BUTINKS ANO AERCOYNA®IC COEFFICIENTS.
: COMPNN/RLOCKAZX (60419 Y L6002 oXCCH0) oYCIO0) oE(6092)9CY9CX
: 3 CNNWON/RLOCKB/NS o SSPNeSTLS) ;. ifoCOL0) oNSoNLULO) 4BE20 92D 9MACH
COM“ON/SLOCKC/AI1303130)4SC11300 o CORIO0)4SUNLEO) o ALPHAGNA
/ DIMENSION DEL(60),CANI60),CPUC6OY +CPL (60)+CLL (60)4CH{60)
INTEGER D1.D2¢D34045G1eC2,634C4
) REAL YACH
10 G=l.4
ARCH=SORT(I-NACH®#2)
¥C=0
[ SEY CAMBER SLOPES EOUAL VO ZERD.
DD 10 1=1,NP
15 CRR(11=0.
10 CONTINUF

READ NA SETS OF ANGLE OF ATTACK AND
CAYBER SLOPE DISTRIAUTION DATA.

00 800 L=i,NA

20 READ(Se®) ALPHAGNCCGoNPF,CYoCX

(2 Xal

NCCG IS_THE CAMBER CHANGE PARAMETER.

ENTE® O TO READ A WEW CAMBER SLOPE DISTRI-
BUTICN OR ENTER 1 TD RETAIN THE PREVIOUS
DISTRIRUTION, -

25

NPF 1S THE PRESSURE POYION PARAMETER.
ENTER O TO USE THt EXACT ISENTROPIC
EXPRESSION DR ENTER 1 TO USE THE LINEAR-
126D FORNM,

30

COMPUTE PRESSURES AT PANEL LOCATION CX
AND €Y. NOYE ="PRESTURES MAY RE COMPUYED
AT POINTS OTHER THAN THE CONTROL POINTS.

35

- Xat{akataNaXaka{zXa laXaXaXaHaXe/

CHLCULATE PRESSLRE EVALLATICN PCINTS,

TC 1€ Je148F
MRS CX SRR RS BRIGTARANYS
1% ST OO T T ItV IO (I, I €IV D (1140=31T+203¢41-CY IO
¢ (301,45 0-211413121))
HUIBITDAIBIEL
BELIA V) 0CRFQTDolm100FY
20 C{STTPiE -
PURPLLAYE LIPELSYIZEL FCEP CF THE FLCH
Vit Cir Y ECUrCTEY COPOITION S SUPTTS
PREFRESEMTS THE PCFPPLIZEL 2 CCPR(PEY CF
TUETECINY FOF fOFEL 3.
(0 3¢ Is)q0§

NI B A A L I :
CeraIrLe :
u 4 FEEPLLAIFLY SUP FFFEY EY J TC CEVHIN TFE 5
¢ . LeprCer SIPCLLABIIY SYPERCIFS, i
TC ¢ d=140ig '

fLbeg, ;).

TU aC Tolybd j
! S YKV XPIR PERIN YRR i
1 4C (Ot i

[
'
o~ -~ NN
TR M LGH I BN NI G L = e

Y
)
(B}
-~
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LTS LR LY
SC  CLeYINLE
X1 S LY( Ve,
« -~ CSYLEY LLCE FCF CCPRLYINCG VHE SIMCLLARIYY
¢ TTRERCIE 2) TpE_COPIREL _ECIMY,
C
¢s CC €CC Ixl4MP
C FETRPIEVE CCMNYRCL PCIPNYS ANC PANEL CORAMEF
c o __FCINYIS. SPPLY PRANDTL-GLAUERY TREANSFCRF,
XIleXCLI)/aMCH
YI=vC(1}
70 X1wYX(l4L)/7AVCH

X2eX(142) ZAPCH
K3 X(I <3V 7aNCP
NeoX(Fo4) /AMCH
Yi=v(l,1)
75 ~ Y2=YU1.2) . )
c _ CALCULATE THE @& SINGULARTYY NUMBERS.
Dlei=-1 .
02=1
D3is[=1em
80 Daog=Ton
Cl=NPene]
CleNPouelel
CIwNPe2eMe]
CisNPeZ2 04T o]
[} C CALCULATE TE AND LE CHECK PARAMETERS,
NR [=17W)on-]
NO=T=(1/m)on
T INTYTECCY SEY AUC SYNDOCARYTIES YO 0. -
CAvl=0,
L 1) CAN2a0,
Gl!‘!-O.
CiMasD,
DEL1=0,
DSLZ'O.
95 DEL3I=0.

DEL 4=0.
CHECK TF PANEL 1 IS A MING TIP PANEL,
TETT.GT.YRP="TF CO YO 300

STNGCULARTYYES DETEQNINED YN VAIS SECTION
APE FOR THE INTERIOR OF THE PLANFORN,

ﬁ 100

(2 FaXa Ia BT,

1F(NS.NE,9C) GO YO 110
2048 KLIYa)

4 10% XSeX(1e%,3)/ANCH

DEC T T I=X [ Y7 {VI=YTIT9SC(CIT

DELI=(X5=X3)/(Y3=Y2)®SC(C3)

C0T Y0 120

] 110 CONTINUE

: 110 DELT=SCTINYY
DELI=SC(DI)

Y20 CONYINGE
. DEL2=SG(D2)
g OeL &=5C D&Y

. —g — Bt mm e -t
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115

TTCANI=SCI(CY)

GAM3=SG(G3)

IFIN9.FQ.MC) GO TO 400
GAN2=56(G2)

GAM%=SGIGA)
GD_Y0 400

300

CONTINUE

SINGULARITIES DETERMINED IN THIS SECTION
ARE FOR _TIP CHORD PANELS,

125

[ {aXsila]

IFINR.NE,NC) GO TD 3J10

DFLY=(X3=X17/(¥2-Y1)#5G(C1)
cD Y0 320

130

310

CONTINUE
DEL1=5G1D1)

320

DEL3I=SG(D3}
CANTINUE

DELZ2=SG(D2)
DEL&=SG(D4)

135

CAvLI=SC(G1)
[FINQ.EN,C) GO YD 400

400

CA2-$61G2)
CONTINUF

140

AL=(Y24(X3-X4)OCANL oIV EX4=X]1OY2)65ANT+(X1OY2=-Y]10XT: vaNS)

1/74Y2=-Y11/{X3-X4)

BL=(GAM3=CAM& )7 (XI=X4)

145

Tl (= (X3=XAVFCANL* {X1=X4VSCANT e (XI=XL )OCANS )/ (Y2=-Y1 )/ (XI=X4)

IV VI TN Z=X T VO CANGT (V2O XT=X& ¢ YTV OTARZS (XA OYI=V2OXZ VO GARTY
1/(X2-X13/1Y1=Y2)

150

BV (CAN2~-CANLY /7 (X2=-X1)

CTo(=(X2=X13OGCAMAS (XA=-X1ICGAM2+ (N2-X4)OCANLY/ (Y1=-Y2)/(X2=X1)

CALCULATE LIFT AND MOMENT INCREMENTS

155

[a [adn ~

X5eX1e (XI=Y1VS(YI=Y1V/{Y2=Y1)

Xae Ko tXemXI)0{YI=Y1V/(YI-Y]1)
X7eX2e (X4=¥2)0(VI=Y1)/7(Y2-Y1)

160

TF(NA.NE.HC) GO TO 410

%10

X(CE=x5
CONTINUE

CLLUII =200 AL oCLOYI IO (XE~YS)oRLE(XE02=X5082)

165

CLUCTIeCLL T I T o2 ¢ (AToCTOY[TO(XT-XEVoBTE(XT7062=X64%2)

éﬁ1iﬁilic?clf?iiiTiziiziiso52fooeCi(x3003lx§0‘3f/§"
CAlTInC T )e(ATOCTEVIIG(XTOO2-XA0¢2)¢20BT4(XT463-XE0083) /3

1-XUEeCLTTIT

PRIl 17 1 (RIS ran e b
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t
!
f [ DETERMINE IF UPPER OR LOWER PANEL VOR<
j € TICITY EQUATIONS ARE YO RE USED
[
i 175 c CALCULATE THE X CO-DRDINATE OF THE PANEL
i [4 RAIN DIAGONAL AY YI,
XD=X1e{X4=~X1)/(Y2-Y1)O(YI-Y2) .
d CHECK XI TO OETERMINE IF 1Y LIES ABDVE
c R _BELOW THE MAIN DIAGONAL. NOTE =~ IF
180 C X1.GT. XDy THEN IT LIES BELOW THE RMAIN
C DIAGDNAL,
IF{X1.CT.XD) GO TD 450
C
C UPPER PANEL EQUATIONS ARE IN THI'S SECYION.
185 EL=(DEL1-DEL 3¢ (X1=¥3)¢CLI/ (Y1=Y2)
4 ;
FL=(=Y240FLLeY1¢DELI (Y1¢XI=X1O0Y2)eCLI/{VY1~Y2) ,
Lo ;
. GAM{I)=ALeBLEXTeCLOY!
190 DELTIT=FL=CUOXT+EL*Y!
G0 TO 500
450 CONTINUE
¢
3 LOWER PANEL EQUATIONS ARE IN THIS SECYION
195 c ‘
C |
ETo(DEL2-DEL&A4IX2-X4)}$CTI/LY1=Y2) ;
T
FTe(~Y29DEL2¢Y1OCELAO(YLOXG=X24Y2)OLTI/(YI-Y2) %
200 T
CAM{[)IwATeRTEXTCTOY] 3
CECVIV=FT=CY#XTETH VY 3
500 CONTINUE §
~E00 CONYTNUE €
205 C '
T CALCUCATE UFFEE AND LOWER SURFECE TPSS {
4
1FTRPET¥TTTT €0 Y0 60% Fi
¢ EXACT ISENTRIPIC PRESSURE EXPRESSION, ]
210 DUVY=27CTHETR#¥7 :
DUM2e(G-108MACHSS2/2
DUM3=C/(6-1) -

DD 601 Y=l NP
DU 4= TSUTT Y ST TTANTIF72VAFZoTDECTI T /21042
215 CPULTI=NUMI®((1-DUM2O(CAM(TIeDUNLI IO SDUNI=])
T UM L TI-DUNZ¢ (=CARTI T+ DUN4) ) o ¢ JURI=TT
601 CONTINUF
CO0 10 606
604 CONTINUE
- 220 < LCINEARTZE0 PRESSURE EXPRESSION,
DUML=(l=MACHSS2)
DN 05 T 1, NP
QUS2=DUYIS(GAM(T) /210024 (SUR(TIIOS24(DELITI/20¢02
CPOMIYe=(CA{TVeDUU2Y - T T
225% CPLUTYe=(=GA®(T)eDUN2)
505 CONTINUF® -
606 CONTINUF

T
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| c START OUTPUT SEQUENCE
] 2130 c
WRITE(6,610) ALPHA
) 610  FORMATU/////29%X+#ALPHA =#,F6.2)
¥ ¥RITE(6,620)
© 620 FORMAT(//12X,*PRESSURE AND SINGULARITY STRENGTH DISTRIBUTION®)
235 WRITEL6.625) CX,CY

625 FORMAT(/30X,¢XP =®,F6,3/30X,4YP =¢,F6.3)
TF(NPF.EQ.1) GO 70 627
WO ITE(H.626)
, 626 FORMAT(/33X,*EXACTS)
240 60 Y0 629
627 CONTINOE
; WRITE(6+628)
628 FORWAT(/32X,SLINEAR®)
629 CONTINUE
245 Ni=1
D3 760 J=1,N
DUSSTIIeCYO(S(I+1T-51d))
WRITE(A,630) DUN
630 FNR™AT(//30Xs®Y/S w®sF6.37 GXe8X/COeaXy OCANBER® 5 Xo $DELS6Xs#GANS s
250 16X 0 9CPUS 46Xy #CPLOy6X 4 $DELCP )

- 00 750 T=1.%
DU1=C{T)+CX#(CLIeL)=~CIT))
DUM2=CPLINIY=CPUINIT

WRITE(64640) DUMLCBRINL)9DELINI)sGAMINL)¢CPUINL) yCPLINL),DUN2 173
255 640 FORYATIINF6s393XeF6s242XsFB.54301XeF8.5)42XeFB.5) :
N1=N1e]

750 CONTINUE
760 CONTINUE

260 THIS SECI10

LOADS SuMMA

OF THE OUTPUY TABULATES THE :
WHICH INCLUDES €U AND CH. '

N
RY

s Xatalal

WATTE(6,7651

T65  FORMAT(//29%,¢L0ADS SUMMNARY®//1T7Xs®YS®,5X+ #X=CP¥,4X+*CHORD®,

265 TTIEX S $CL 36X, $THEY
N91l=Ng-]
N4=0
DO_790_K=1,N81
Nl-VLHﬂ

270 N2-NL(Ke1)=1

N3=NL(K*17
DO 78C J=Nl N2 °
VURN=SITeCY*#(SCIs1I-STIY)
DUMI=(NUM=S(NL1I)/ZISINII=SINL]) o

275 DUMZ=(RIK2I=A(K 1) 1 {1=DUMLI+OUNIO(BIKe1,20-B(Ke1,10)
NU43=0,.
DU'“o-O.
DN 770 Isl44
Na=N4eol

280 DUYI=DU%ISCLL ING)
DUM&=DUM4+C 1(N&)

770 CONTINUE

DUNS=DUM47DUN3/DUN2
DUMI=NUNI/NYN2

285 DUM&=DUNG7{DUMZe42)
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WRITE(6+775) DUY,DUMS+DUMZ, OUN3 JDUNS ;
775 FNRMAYT(14XoF542¢3X0FSe292XoFTa242XeFT0242XsE6,3)
780  CONTINUE :
790 __CONTINUE _
290 800  CONTINUE '
STNP
€ND
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